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note that some fine tuning may still occur as well as additional quality checks.
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		Table 2:  Exposure Matrix assuming doubling of fiber levels from 1972 to 1967 and adjustment for ore source from 1957-1971

				1957		1958		1959		1960		1961		1962		1963		1964		1965		1966		1967		1968		1969		1970		1971		1972		1973		1974		1975		1976		1977		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992-2000

		Trionizing (other than track)		0.81		0.81		3.14		3.14		3.14		3.14		3.14		4.96		6.36		8.01		7.58		6.37		6.17		5.81		5.11		4.05		3.30		2.70		2.20		1.50		0.20		0.04		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		Trionizing (track)		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.02		0.02		0.02		0.02		0.02		0.02		0.03

		trionizing (unload)		0.25		0.25		0.97		0.97		0.97		0.97		0.97		1.53		1.96		2.47		2.34		2.12		2.20		2.42		2.55		2.50		2.50		2.20		2.20		2.00		2.00		1.80		1.80		1.60		1.60		1.50		1.50		1.30		1.30		1.20		1.20		1.20		1.20		1.20		1.20		1.20

		Trionizing		0.73		0.73		2.82		2.82		2.82		2.82		2.82		4.46		5.71		7.20		6.81		5.73		5.55		5.24		4.62		3.67		3.01		2.46		2.02		1.39		0.23		0.09		0.07		0.06		0.06		0.06		0.06		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05

		Plant maint (50/50)		0.37		0.37		1.42		1.42		1.42		1.42		1.42		2.24		2.87		3.61		3.42		2.88		2.79		2.63		2.32		1.85		1.52		1.24		1.02		0.71		0.13		0.05		0.04		0.04		0.04		0.04		0.04		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03

		Central maint (90/10)		0.08		0.08		0.29		0.29		0.29		0.29		0.29		0.46		0.59		0.74		0.70		0.59		0.58		0.55		0.48		0.39		0.32		0.27		0.22		0.16		0.04		0.02		0.02		0.02		0.02		0.02		0.02

		Background*		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.03		0.03		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		*Background applies to Pilot Plant, Research,  Polyform, Office, Packaging, Warehouse
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Sheet1

						Table 1:  Tonnage by year and ore source

		Year		% tonnage Libby		% tonnage SC		% tonnage African		comment

		1957				100				no confirmation of Libby usage

		1958				100				no confirmation of Libby usage

		1959		32		68				Libby usage began per focus groups; Chamberlain says 1960

		1960		32		68				from Chamberlain memo and 1980 chart

		1961		32		68				from Chamberlain memo and 1980 chart

		1962		32		68				from Chamberlain memo and 1980 chart

		1963		32		68				from Chamberlain memo and 1980 chart

		1964		57		43				per Chamberlain

		1965		73		27				per Chamberlain

		1966		92		8				per Chamberlain

		1967		87		13				per Chamberlain

		1968		79		21				per Chamberlain

		1969		82		18				per Chamberlain

		1970		90		10				per Chamberlain

		1971		95		5				per Chamberlain

		1972		93				7		per Wietelmann memo
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[image: image1.png]Figlire 1: Fitted curve on the log scale of Trionizing Department measurements (exclusive of track and unload) showing doubling of fiber
levels from 1972 to 1967. Unadjusted for ore source.
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		Table 3:  Exposure matrix with adjustment for ore source from 1957-1971

				1957		1958		1959		1960		1961		1962		1963		1964		1965		1966		1967		1968		1969		1970		1971		1972		1973		1974		1975		1976		1977		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992-2000

		Trionizing (other than track)		0.41		0.41		1.57		1.57		1.57		1.57		1.57		2.48		3.18		4.01		3.79		3.44		3.57		3.92		4.14		4.05		3.30		2.70		2.20		1.50		0.20		0.04		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		Trionizing (track)		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.02		0.02		0.02		0.02		0.02		0.02		0.03

		trionizing (unload)		0.25		0.25		0.97		0.97		0.97		0.97		0.97		1.53		1.96		2.47		2.34		2.12		2.20		2.42		2.55		2.50		2.50		2.20		2.20		2.00		2.00		1.80		1.80		1.60		1.60		1.50		1.50		1.30		1.30		1.20		1.20		1.20		1.20		1.20		1.20		1.20

		Trionizing		0.37		0.37		1.43		1.43		1.43		1.43		1.43		2.25		2.88		3.63		3.44		3.12		3.24		3.56		3.75		3.67		3.01		2.46		2.02		1.39		0.23		0.09		0.07		0.06		0.06		0.06		0.06		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05

		Plant maint (50/50)		0.19		0.19		0.72		0.72		0.72		0.72		0.72		1.13		1.45		1.83		1.73		1.57		1.63		1.79		1.89		1.85		1.52		1.24		1.02		0.71		0.13		0.05		0.04		0.04		0.04		0.04		0.04		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03

		Central maint (90/10)		0.05		0.05		0.15		0.15		0.15		0.15		0.15		0.24		0.31		0.39		0.36		0.33		0.34		0.38		0.40		0.39		0.32		0.27		0.22		0.16		0.04		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.01		0.01		0.01		0.01		0.01		0.01

		Background*		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.03		0.03		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		*Background applies for Office, Research, Polyform, Warehouse, Packaging, and Pilot Plant
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Introduction

This project builds on the previous work of Dr. James Lockey et al. investigating possible effects of exposures to dust containing Libby amphiboles at a plant in Marysville, Ohio1,2. The data used in the original exposure reconstruction and as reported in the published manuscript, most likely underestimated historical exposures.  This current exposure reconstruction is based on more extensive occupational exposure data recently obtained by the US EPA from the company and through trial transcripts from the United States of America vs. WR Grace, et al., as well as the original data used in the 1980 exposure reconstruction. There were five steps in this investigation that were undertaken to reconstruct exposures from these data: 

1. Data searches, requests, and document selection
2. Document evaluation, data entry, cleaning, editing and standardization
3. Completeness and trends in measurements
4. Decisions relevant to the exposure matrix
5. Decision relevant to exposure in non-trionizing departments

1. Data searches, requests, and document selection

As a result of the recent WR Grace trial there was additional discovery of material relevant to the OM Scott plant. The Department of Justice (DOJ) was contacted for the release of these data for review.  There were (7) 4” binders made available from the DOJ and every page (approximately 3,150) was reviewed for content to assist in improving exposure estimates.  In addition, archived files from the Lockey et al, (1984) study were identified and reviewed along with air sampling results provided to the US EPA from OM Scott.  These reports contained both measurement results and information about the plant.  These data resources were numbered sequentially and scanned visually to identify pages relevant to the current project.  Aspects of particular interest included the manufacturing process, usage and source of raw materials, engineering and design changes in the plant, work practices and exposure assessment methodology.  In addition, information was available from focus groups of long-term OM Scott workers (n=15) that were conducted in 2010.  These provided valuable qualitative data to fill gaps regarding issues such as plant layout, job rotation, seasonal changes, and respirator usage. 

Sources of information Include:

· Documents from the WR Grace trial, approved by the Department of Justice (DOJ) for study usage

· Documents from OM Scott containing pre- and post-1980 IH data provided to the US EPA and University of Cincinnati (UC)

· Documents originally collected by UC during the 1980 study

· Focus groups of OM Scott workers conducted by UC in May, 2010 



2.  Document evaluation, data entry (qualitative and quantitative), cleaning, editing and standardization

Both the qualitative and quantitative information selected was reviewed in this second phase. 

	2.1. Qualitative information:

This was found in many formats in written reports, letters, memos and background information on plant operations that have been retained.  A total of 1,489 pages were selected and read carefully for information regarding OM Scott. From these records, we obtained:		

· Plant layout, including changes over time. This allowed us to associate the descriptions used on air sampling data forms/reports with jobs within the plant. A limited number of aerial images were available to identify only major structures.

· Process descriptions were derived including workers per shift, workers per department, sources of raw materials, and raw material volume in number of railroad cars received, tonnage of railroad cars from Libby and South Carolina, and tonnage of vermiculite ore received. 		

· For each department a list of job titles and tasks were obtained:

Gaps in understanding were filled-in with information gathered from the focus groups, specifically regarding: 

· Plant lay-out and changes over time, including engineering controls

· Historical pattern of task rotations within jobs from 1957 to 1980 

· Time spent in key jobs/tasks and work location at the plant site

· Overtime associated with departments and season

· Use/nonuse of respirators during particular  tasks and type used.

	2.2 Quantitative data:

These were found in air sampling reports and included information on plant processes and operations and the quantitative measurement of airborne dust and fiber concentration.  These records were computerized following the data entry scheme provided on June 1, 2009 and approved. Records were double entered and verified.

	Two identical and separate Microsoft Access databases were created for initial and duplicate entry of the quantitative data.  An Access database was assigned to a specific data entry personnel to avoid possible data entry confusion versus creating a single Access database with graphical user options to access an initial or duplicate Access table.  Variables to be entered have been previously provided.

	A random 10% check of entered data was conducted throughout the data entry process to maintain quality of data, to address data entry questions and to resolve potential database issues.  Data entry differences were below 5% throughout the entry process.  

	Each record was assigned a document and record identification (ID) number.  The document ID variable was based on data source.  For example, if the data were provided by the EPA from OM Scott then the EPA document ID was used.  Data hardcopies from the Department of Justice and 1980 UC data were numbered starting from 1.  The document ID variable states either EPA, DOJ or UC followed by the document number.  Record IDs were generated by using a unique identifier like a sample number for each document.  If a unique identifier was unable to be discerned then the entry personnel was instructed to consecutively number each sample per document starting from 1.

	A final verification of data entry used SAS version 9.1 PROC COMPARE to import the initial and duplicate Access tables.  Discrepancies were well below 10% as a result of the 10% random checks throughout the entry process.  All discrepancies were addressed by going to the original document.

	The initial and duplicate Access databases were archived.  A copy of the initial database was converted to Microsoft Excel format for ease of standardization and analyses.

	2.3  Process of standardization

	The standardization process includes categorizing entered data into appropriate variable fields, spelling, identifying duplicate record entry from duplicate documents, merging records for the same sample or measurement, evaluating data for completeness and categorizing groups of data based on type of sample or measurement.

		Data was reviewed and edited to ensure the information was entered into the appropriate data field.  A frequency of the data fields using SAS Proc Freq identified spelling differences and patterns to ensure correct labeling of the data.  Additional data variables were created depending on recognized need to distinguish important pieces of data. 

		A new variable called group ID was created to identify, track and consolidate partial and/or complete duplicate data into one unique sample.  Partial data were identified on a combination of sample date, sample record ID, sample result, volume, sampling time and/or document patterns. A document pattern would include instances where only a group of sample results were available in one document and another document(s) would match the exact sequence of sample results.

		Data were further categorized based on the type of sampling.  Categories include dust versus bulk samples, personal versus area samples, limit of detection or quantification samples, filter samples, off-site locations, time weighted average samples, PLM, PCM, optical x-ray diffraction and EMMA-4 fiber analyses samples and uncategorizable data.  Any group ID lacking a sample result, sample year or department was not used.

A comparison of personal versus area samples by year and department found the range and means to be approximately equal.  Therefore, personal and area sample datasets were merged and both utilized for the development of the Exposure Matrix. No samples were excluded based solely on ore source or fiber count result.

Sample analysis did not specify the type of fibers identified in the fiber counts.  Therefore, a limitation of this work is that only fiber exposure levels are reported, rather than specific fiber exposure levels.  Given the likely presence of other mineral and non-mineral fibers within the plant are, the reported estimates are likely higher than if only Libby amphibole fiber exposure levels were measured.

3. Completeness and trends in measurements

To examine whether reports of lower production in the summer are reflected in the sampling results, we examined the number of samples in winter and summer months.  Substantially fewer samples (~6%) were collected in the summer months. This finding is consistent with, but does not confirm, lower production activity over the summer months.  Focus Group participants reported working in the summer, but duties included clean up and repair in addition to production. Sampling frequency was also not uniform over time, 1978 with having the highest number of samples collected.      

A graphical display indicated that all trionizing samples generally followed the same pattern: higher in the early years of IH sampling, and declining gradually over time. From the focus groups, we learned that no one, single engineering change resulted in a dramatic reduction in the perception of dustiness in the plant. The data are consistent with workers’ recollections.  

Only the fiber count data were used. Attempts in other studies to convert from total dust to fiber count have relied on similarities in equipment or process where side-by-side samples were collected.  In these other studies, the exposure of interest was a substantial percent by weight of the parent material.   We have not identified any ‘pairs’ of dust/fiber data from this plant, and know of none from other studies.  Moreover, fibers are a minor component of the dust exposure, limiting an ability to find a relationship over time. Therefore, total dust measurements were not used as part of the fiber exposure estimation. 

4. Decisions relevant to the exposure matrix: 

4.1 General Issues: 

Blow-down activities occurred with compressed air. According to focus groups, air samplers may have been turned off during blow-down to prevent the filters from overloading.  However, early sampling data from 1972/1973 were found with blow-down described as the activity and the longer sampling data collected later should have included blow-down and other cleaning activities.  Therefore, no adjustment was made for any un-sampled periods for blow-down activities.  If the available measurements are not an accurate reflection of the increased exposures associated with blow-down, this may result in an underestimation of exposure estimates.  This under-estimation of exposure would occur if pumps were frequently left off during blow-down or if extensive summer cleaning was not adequately represented in the samples. However, the vast majority of the samples from 1972/1973 including blow-down samples were from the expander area of the trionizing process and hence may over-estimate other jobs/tasks within trionizing department during the timeframes on or before 1972.

Per the focus groups, workers report very sporadic usage of respirators due to heat and discomfort.  No adjustment for respirator use is recommended. Because of the heat, the workers preferred paper mask. 

4.2 Vermiculite raw material sources:

End of Libby vermiculite usage occurred in 1980 per shipping records obtained from B. Benson/ATSDR report. Post 1980 usage included African/Virginia/some South Carolina ore until 2000. In 2000, corn cobs were introduced as an inert carrier of lawn care chemicals, and vermiculite usage ended.

There were two primary sources of information regarding vermiculite sources:

An internal UC document from the 1980 study estimates railroad car loads delivered to the plant per year. Documents indicate railroad cars from Libby were 100 ton cars and from SC 70 ton cars.

The Chamberlain memo provides information regarding ore sources for 1964-1972 in railroad car loads per year.

Wietelmann memo provides information regarding yearly ore sources in tons for 1970-1980.

Per the UC document, 100% South Carolina ore was estimated to be used from 1957-1960.  Per the Chamberlain memo, Libby vermiculite began arriving in 1960.  Focus groups placed it earlier, in 1958 or 1959.  We believe there is sufficient evidence to support a 1959 start date for Libby vermiculite.  1957 and 1958 are assumed to be 100% South Carolina. To develop the relationship between South Carolina and Libby fiber counts, samples with 100% of either ore source were identified.  Two jobs had an acceptable number of samples to allow for a relationship to be created:  Track-unload for 1977 and expander for 1978.  A weighted average of these samples generated a 10:1 ratio of fiber counts for Libby:South Carolina ore.  

Documentation was found from the original 1980 UC documents indicating an estimated Libby tonnage contribution of 32% from 1959-1963.  These percentages for 1959-1963 were adopted for use in this project.  The Chamberlain memo indicates that Libby tonnage usage increased from 57% rail car loads in 1964 to 73% in 1965 to 92% in 1966.  From 1959 until 1971 fiber adjustment levels were made based on the percent Libby versus South Carolina ore tonnage received at the plant derived from 1972 when the earliest samples were available.  Table 1 illustrates distribution of vermiculite ore sources received at plant site between 1957 and 1972.

Some samples recorded the percentage of vermiculite source that was utilized during sample collection (e.g. 100% Libby).  The 100% Libby samples were compared to samples labeled as 50% Libby.  The resultant measurements were accordingly lower, demonstrating that the data are internally consistent.  


4.3 Exposure estimates by time period

Exposure Estimation > 1972- 2000: 

For the period after IH measurements began in 1972 fiber exposure measurements were used regardless of the raw material source.  

Trionizing Department – The trionizing department included jobs from the entry of vermiculite into the plant, through final product.  These were: blender, clean-up, dryer, expander, screen/mill, track, and resin. Workers rotated through the various jobs within Trionizing.  Overall rotation among jobs reported in the 1980 Lockey study was verified by the focus groups. Plots of the data over time were made for individual trionizing jobs, for expander only job, for all jobs, for all jobs removing track with included track unload. It was determined that all of the samples should be used together to describe exposure in trionizing department with the exception of track. The track job included two very different work activities: unloading railcars including ore cars containing vermiculite and general track work. The following steps were followed: 

	1. The data were log-transformed.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]	2. For all exposure values for jobs other than track, a smooth line was fit through the exposure data; for each year, the annual exposure estimate was determined by exponentiating the value from the fit curve. No adjustment was made for variance.  

	3. The track job values which include track and track unload were plotted and a line fit through the log of the values. An estimate of exposure at each year was determined by exponentiating. 

	4. A weighted average for exposure at track was derived, based on unloading occurring for about 2 hours per shift. Therefore a time-weighted estimate for track was determined based on 25% time in unload and 75% time at other track duties. 

	5.  For the trionizing department, exposure was estimated as 11% total time in track unload/track, and 89% in all other jobs. This is consistent with the previous weights used in the 1980 Lockey study.  

6. When the IH data ended, the last exposure estimates were extended forward until year 2000.

Other departments – Departments where only expanded vermiculite or no vermiculite were used were defined as having “plant background” exposure. These included the departments of polyform, research, warehouse, pilot plant, packaging, and office. This decision was based on plots of available sampling data showing similar exposures. 

Figure 1 illustrates on a log scale a fitted curve of all usable IH measurements across all jobs (except track) within the trionizing department from 1972 until 1994.

Exposure estimation from 1957-1971:  

There are no IH measurements available prior to 1972. Engineering changes did not result in “step-function” decreases in exposures based on focus group reports.  Rather a more gradual decline in exposure occurred beginning with improvements in 1968, when two dust collectors were added.   Focus group workers report that dust exposures in trionizing were at least two times higher in the 1960’s. 

For trionizing employees in activities other-than-track the estimate from the focus group of ‘twice as high’ in the 1960s was set at 1967, based on two times the value from the curve in 1972.  The year 1972 was used as it was the earliest available date, and the percent Libby ore utilized at the plant was 93%. A line was drawn to connect these two points, and then adjustment for percent Libby ore utilized on a yearly basis was made from 1971 back to 1967. Thus there was a gradual decrease in exposure after 1967 based on engineering controls.  Prior to 1967, exposure was extended backward in time, assuming no change from the 1967 value based on the qualitative information and focus group reports but with adjustment for percent Libby ore utilized on a yearly basis. No upward adjustment was made for the track tasks, as these were relatively unaffected by engineering controls. After 1980 when Libby ore was no longer utilized and major environmental controls implemented, fiber exposure levels remained near the level of detection (0.01) through the last available IH information in 1994.  These levels were estimated to be present until vermiculite ore was no longer utilized in 2000.  Table 2 illustrates the fiber exposure matrix from 1957 to 2000 using this methodology.

We also did a second historical exposure reconstruction without a two-fold increase in exposure prior to 1972. These values were adjusted as before according to percent Libby ore utilized on a yearly basis.  Table 3 illustrates the fiber exposure matrix from 1957 to 2000 using this methodology.

4.4. Decisions related to break periods and length of work day for future cumulative exposure estimates:

Cumulative exposure is the product over time of the level of exposure and duration.  Level of exposure is derived from the exposure matrix and duration from the work history. However, in this workforce, work time is complicated by breaks where exposure is at a lower level and extra hours worked beyond the usual 40 hour week. Each of these factors is described below:  

According to the focus group data there was approximately a 30 minute break for lunch and two fifteen minute breaks during the day. Therefore every worker was considered to have at least one hour of background exposure. 

Employees in some departments worked extra hours each day, and extra days each week, depending on the production needs. Decisions regarding this work organization are summarized below:   

1)  Extra hours – Were defined as hours worked in excess of 8/day 

2) Four departments worked no extra hours – office, pilot plant, research, central maintenance

3) According to focus group data, the only departments that worked extra hours outside of their own department were Trionizing and Polyform. Thus, a decision was needed as to how to appropriate the amount of overtime spent outside Trionizing and Polyform.

Extra hours for Polyform workers - According to the focus groups, for each four hours worked beyond the normal eight hour day, they spent three in polyform and one in Trionizing 

Extra hours for Trionizing workers – According to focus groups, for each four hours worked beyond the normal eight hour day, they would spend three in Trionizing and one in Polyform 

4) Schedules by season:

For Trionizing, Plant maintenance, Polyform, Warehouse, and Packaging:  Spring schedule was from January through May – 7 days @ 12 hrs; 

For Trionizing, Plant maintenance, Polyform, Warehouse, and Packaging:  Summer schedule was from June – August – 5 days @ 8 hrs.  Due to the difficulty that heat and humidity brought to the process, Polyform was shut down during summer.  During the summer, Polyform workers did outside jobs.  As these jobs have the same exposure level as Polyform (background rate), no adjustment was made for the summer Polyform shutdowns.  The Trionizing department more typically slowed down production in the summer, and this is reflected in the number of hours worked from June – August.  

For Trionizing, Plant maintenance, Polyform, Warehouse, and Packaging:
Fall schedule was from  September – December – 5 days @12 hrs and 2 weekend days @ 8 hrs

Packaging department is where trionizing packaging occurs. Workers in packaging generally stayed in packaging.


5.0 Decisions relevant to exposure in non-trionizing departments:

Polyform began in 1969, and no unexpanded vermiculite was used there. The background exposure level was used for any time in Polyform,

Plant Maintenance – There were some differences of opinion  in the focus group regarding where plant maintenance spent their time.  Thus, it was determined to assign approximately 50% of time in trionizing and 50% in areas defined as plant background for their work in shop and other departments. 

Front office – Plant background.

Research – Plant  background.

Pilot plant –  The pilot plant did not have its own expander, and used only expanded vermiculite in test and run simulations. Plant background. 

Warehouse – Only expanded vermiculite was in this area. Although bags did break, the exposure is to product, not unexpanded vermiculite.  

Central Maintenance –  According to the focus group, these employees worked outside of trionizing for about 90% time (background) and 10% (trionizing) for installation of new equipment/parts. Around 1982 central maintenance department was discontinued, and the work was contracted to outside personnel. 
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